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SUD1IDary : Adrenaline was effective in aggregating the melanosomes both in innervated as well as

denervated melanophoreJ. Isotonic KCl could induce pigment aggregation only in innervated
melanophores. Adrenaline-and K +-induced pigment aggregation response in these melanophores
was blocked by phentolamine: propranolol failed to do so. It is suggested that the chromatic nerves
in the fish, Lab,o rohita are adrenergic and via post-synpatic cx-adrenoceptorJ, control the
melanosome aggregation.
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INTRODUCTION

Mechanisms of colour change arc complex in
teleosts in which humoral factors from the

hypothalamus, pituitary gland and the pineal gland
and autonomic nervous system combine to regulate
not only the motile activities of specialized
integumentary coloured cells, the chromatophores
(physiological colour change) but also the net amount
of pigmentary materials within them (long term
morphological colour change) (I). Neural regulation
takes a role in adapting fish more rapidly to the
en\·ironment. The hormonal means may have
evolved to control chromatophore motili[y slowly,
since the process inevitably includes the gradual
increase or decrease of their titers in the blood.

Such dual regulation in Labeo rollita (Ham.), a fresh­
\I'ater Indian major carp has been demonstrated in
our laboratory recently (2).
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The aim of this investigation was to gain precise
information pertaining to the nature of innervation
of melanophores and receptors therein. Attention
has also been paid to in vitro analysis of pigment
aggregating action of K+.

MATERTALS AND METHODS

Labeo rohita (Ham.), of either sex obtained from
Government Fish Farm, Datia was used. Fish at a
fiingerling stage (body lengths, 5 to 7 em) were
selected. They were maintained as described else­

where (2).

Dermal melanophores designated as type 2 for
com enience and distributed in the intermediate
region between the margin and the centre of the
'kin tissue (which remains attached to the posterior
or exposed part of the scale when the latter is
detached from the fish body) were found suitable for
the present investigation.
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RESULTS

Melanophores in the scales isolated from the
fish totally lost the capacity to aggregate their
melanosomes in response to K +-rich saline but they
responded to adrenaline with a rapid melanosome
aggregation (Fig. 1).

TI •• in IIIlnutu

: Ineffectiveness ofK+ but effectiveness of adrenaline
(A) (5 x 1O~'M) to arouse rapid melanosome'
aggregation (decreased melanophore index) in
melanophores obtained from a reserpin ised fish.
(n=5; SEM values between 0.04 and 0.10 M.I.-unit).
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Type 2 melanophores in the scales from antero­
dorsal part (See Methods) had M.T. less than 2 or
even fully aggregated (M.1. = 1). At this stage they
appear very dark (black). Gradually they start
showing dispersion and in approximately 20 min al
melanophores attain their maximal dispersion show­
ing brownish tinge with homogenous melanosome
distribution, which served as the starting point for
further investigations. The pigment-dispersing state
persisted unchanged for at least 2 hr. A constanc
in the shape, size, and melanin content (visual
estimation) rendered the type 2 melanophores
suitable for experiments

Experiments were conducted on the scales isolated
from the antero-dorsal part and fastened epidermis
side down to the undersurface of the coverglass
mounted on a trough made of perspex sheet

containing physiological saline (composition (mM):
NaCI 128, KCI 2.7, CaCl2 1.8, Glucose 5.6, HEPES­
NaOH buffer 10.0, pH-7.4). The effect of drugs on
the response of certain group of dermal
melanophores were studied with a light microscope
(Carl Zeiss 100X) and were evaluated according to
Melanophore Index (M. 1.) as introduced for
amphibians (3), where 1 stands for maximal
aggregation of melanosomes and 5 stands for a state
of their complete dispersion. A change of one unit
or more in the mean M.I. was arbitrarily designated

as significant (4).

In order to get denervated but otherwise
functional melanophores, the fish were given a single
injection of r(!serpine (10 p.g/g, ip). Scales for
experimentation were isolated 2-5 hr post injection.

Drugs used were adrena line tartarate (Harson
Laboratories, Baroda), reserpine (SerpaciJ) and
phentolamine mesylate (Hindustan CIBA GIEGY
Ltd., Bombay) and propranolol hydrochloride
(CIPLA, Bombay). A fresh injection fluid or a
concentrated stock solution of a drug was diluted
with physiological saline or K+-rich saline (in which
Na+ was totally replaced by K+) or Ca2+-free saline
(made by withdrawing CaCI2 and adding disodium
EDTA, 0.2mM). All solutions were applied to the
isolated scale in the trough so as to bath the skin
tissue of the scale and in order to change solution in
the trough, it was once drained thoroughly by an
outflow pipette connected with another solution
introduced through an inflow siphon. All values are
given as means ± S.E.M. All experiments were
performed at room temperature-20-22°C (slow
drifts, < ± 1.2°C over several hr).
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The melanophores in isolated scales not only
maintained their dispersed state in the physiological
~olution but in response to K+ or adrenaline they
achieved pigment aggregation. Fig. 2 illustrates
typical responses to K +-rich saline (133 mM) and
its blockade by phentolamine (10-4M). High K+
solution was able to produce complete melanosome
aggregation within 5 min. Recovery from pigment
aggregation proceeded rapidly after the withdrawal
of K+ stimulation and melanophores attained initial
state of pigment dispersion within 15 min. High K+
solution could repeatedly induce comparable mela­
nasome aggregation.
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Fig. 2 : Response of innervated melanophores of Labeo rohita
to the K+ rich (133 mm) saline solution before (at
K+) and after phentolamine (PA 1O-4 M) on the
melanin-aggregation (at PA+K+).

(n=5; SEM values between 0.02 and 0.1 M.L-unit.
R=Physiological saline).

The K+-action was not blocked by propranolol
(IO-4M), a t3-adrenoceptor blocking agent. Fig. 3
indicates a typical graded-aggregation response to
increasing concentrations of adrenaline on the same
melanophore population (5 in number) from an
isolated scale of a fish.
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Fig. 3 : A typical concentration-response curve for melano­
some-aggregating effect of adrenaline, (applied for
10 min). Each point is the mean of five different
estimates.

The melanin aggregation induced by adrenaline
was completely antagonized (Fig 4) by phentolamine,
(lO'4M; exposure time, 10 min). However pro­
pranolol (l0-4M) had no blocking action on the
aggregation response to adrenaline (lO-OM). With­
drawal of Ca~+ had practically no influence either on

the pjgment-~ggregating action of adrenaline or on
the recovery from this effect. Loss of response to K+­
rich saline and pigment aggregation in response to
adrenaline (5 X 1O~5M; Fig. I), blockade of response
to adrenaline by phentolamine but not by
propranolol were similar in denervated and inner­
vated melanophores. After K + stimulation when the
scale was reimmersed in the physiological saline for
a long period (90 min), a profound dispersion of

melanosomes was observed, the phenomenon being
more pronounced in the innervated than in
denervated preparations.
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Fig. 4 : Melanin aggregating action of adrenaline (A) (S X 10-8M) on the motile
melanophores of Labeo Tohila and the influences of propranolol (I0-4M) and
phentolamine (I0~4M) on this action. Response to adrenaline +propranolol after
10 min x---x exposure to propranolol.
(n=S; SEM values between 0.03 and 0.05 M.I.-Unit).

Response to adrenaline+phentolamine after 10 min 0---0 exposure to phentolamine.
(n=S; SEM, value O.OS M.I.-unit at each point). (R=Physiological saline).

DISCUSSION

Our prime concern in studying K+-action on
melanophores in Labeo rohita was to gather infor­
mation about the nature of the chromatic fibres. K+
always induced a rapid and reversible pigment
aggregation in innervated melanophores. The
reaction time observed was comparable to that
reported for other fish species (I, 8). Secondly, in
most of the denervated melanophores, the high K+
stimulation could not induce pigment aggregation
indicating that K+ acts indirectly through a neuronal
mechanism. Thirdly, the pigment aggregation by
K+ was not blocked by propranolol, showing that it
is independent of ~-adrenoceptors. Adrenaline
could induce pigment aggregation in denervated
melanophores. Adrenaline acts on the nerve endings
as well as directly on the melanophore themselves

(9). Treating the fish with reserpine, which. depletes
the neurotransmitter from the adrenergic" 'system
makes K+-stimulation ineffective, though adrenaline
could induce pigment aggregation. This makes it
clear that K+ stimulate the melanin-aggregating
adrenergic terminais to liberate the transmitter which
then acts to aggregate pigment in melanophores.
This is in agreement with reports involving related
fish species (5, 7, 10- I3).

Yamada et al. (14) looked into the possibility of
adrenergic innervation to melanophores in scales of
Oryzias lalipes using 3H norepinephrine by light
microscopic autoradiography. In their work K+
caused a considerable reduction in the labelling of
varicose fibres, which was accompanied by aggre­
gation of melanosomes within melanophores.
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One step ahead to it, Kumazawa and Fujii (IS)
using radiolabelled norepinephrine and adenosine
clearly demonstrated the actual liberation of the
amine and adenine derivatives from the neural
elements in response to K + stimulation. As this
release was significantly reduced by bretylium they
concluded that upon stimulation of the nerve, both
the true transmitter, norepinephrine and the co­
transmitter, adenine nucleotides, are liberated for
the control of chromatophore movements.

From the present results we speculate that high
(K+)0 action initially induces a presynaptic
membrane depolarization, leading to an increase in
Ca2+ influx, finally resulting in release of the neuro­
transmitter from the adrenergic nerve terminals.
Such a mode of action of K+ in systems other than
the pigment cells is supported from the literature
(16,17). For the pigment cells, it has, however,
been reported by Kumazawa and Fujii (18) for the
first time.

Further, in the present observations, the aggre­
gation of melanosomes due to K + depolarizatic:n of
the melanophores was completely inhibited by
phentolamine, an alpha -adrenoceptor antagonist
which also inhibited the pigment aggregating action
of exogenous adrenaline. Propranolol was ineffective
against K+ or adrenaline. These results provide a

strong basis that neurotransmitter responsible for
pigment aggregation is noradrenaline and that the
cellular receptors involved are a-adrenoceptors,

Adrenaline induced melallosome aggregation was
not influenced by the Ca2+ deprivation. Tae response
of innervated melanophores evoked by the adrenaline
was dose related between concentrations 5 x 10-9

and 5x 1O-6M (Fig. 3). It was interesting from a
standpoint of comparative physiology of chromato·
phores that the above concentrations of adrenaline
agreed closely with the threshold concentration and
the maximally effective reported concentration in
other fish species (I I, 19 & 20).

Practically all the Indian teleosts tested for the

chromomotor-colour changes (2, 21, 22) including
one under the present study change their colour
quickly when transferred to illuminated black
background by dispersing their integumentary
melanophores. This agrees with the concept of
neural regulation of melanosome movements
described for Tilapia (15). Further the contention
of spontaneous release of small amount of ATP in
the bathing medium from isolated scale/split-fin
preparations during unstimulated period which is
responsible for maintenance of melanophores in
dispersed condition seems to be true for our findings

, on the Labeo rohita and other Indian teleosts (22).

Kasukawa et aZ. (23) while working on Chrysiptera

C)'anea explained the extraordinary rapid rate of
motility of its melanophores. The melanophores
from Chrysiptera cyanea exhibit a very rapid moti­
lity (23) since they are small (about 50 to 80 f'm in
diameter) and the diameter of the cellular processes
through which the melanosome travel is fairly large.
In Labeo rohita, the melanophores are small in
diameter but the cellular processes are not so thick
as in the fish Chrysiptera, so the motility of the
melanophores though rapid is not so high as in
Chrysiptcra.

We conclude that in Labeo rohita the melano­
phares are innervated by pigment-aggregating fibres
which are adrenergic and melanophores have
a-adrenoceptors. Fujii et ai. (25) put the loach,

Misgurullus anguillicaudatus to a group of fish in
which chromatophores are primarily under the
control of endocrine systems. In the present study
the response to K+-stimulation and adrenaline
were found to be very rapid, bringing about full
aggregation of melanophores, confirming a neural
control in Labeo rohila (See, 2).
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